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<p align="center"><font size="4">Abstract</font></p>
<p><font size="4">Genesis of flux ropes observed by Pioneer-Venus Orbiter in the photoequilibrium
region at Venus is analysed. Stability analysis of the large-scale magnetic eld pushed deep inside during
period of high dynamic pressure of solar wind had shown that the top-side boundary of the magnetic belt
located within the region of photoequilibrium is unstable. The nite conductivity of plasma tends to stabilise
the instability so that the bottom-side part of the magnetic belt is regular. Non-numerous flux ropes which
were observed above the predicted instability region are likely moving upward because of the magnetic
buoyancy. </font></p>
<p><font size="4"><u>1.INTRODUCTION</u></font></p>
<p><font size="4">Venus has not intrinsic magnetic eld and it was theoretically shown that the Venu-
sian ionosphere has to be magnetic eld free under the steady state conditions ( Krymskii and Breus, 1988,
Shinagawa ,1996). However rather strong magnetic eld has been persistently observed by Pioneer- Venus
Orbiter (PVO) while it was passing through the ionospheric plasma region. Most of the time the magnetic
eld was found to form small-scale structures - flux ropes within the ionosphere. The large-scale magnetic
eld was observed only sometimes when the SW dynamic pressure during the session of magnetic eld mea-
surements was larger than the peak thermal pressure of ionospheric plasma or shortly after that (Luhmann,
1986). </font></p>
<p><font size="4">It was reported in Luhmann et al (1987) that the maximal pressure of the large-
scale magnetic eld is on average close to the SW dynamic pressure during the session of magnetic eld
measurements. Above the altitude of peak strength there is eld strength depression. Local minimum of the
eld strength was shown to be achieved when velocity of the downward flow transporting the eld reaches
maximum ( Shinagawa and Cravens,1988, Krymskii,1992). </font></p>
<p><font size="2"><img src="Image90.jpg" width="683" height="347"></font><b>Figure 1</b><font size="2">.(
from Luhmann, 1986) Altitude proles of the magnetic eld strength and plasma density as measured by
Pioneer-Venus Orbiter. Left panel - orbit N186 ( low dynamic pressure of the solar wind). Central panel -
orbit N177 ( moderate dynamic pressure of the solar wind). Right panel - orbit N 176 ( very high dynamic
pressure of the solar wind).</font></p>
<p><font size="4">Since the flux ropes and the large-scale magnetic eld were observed at dierent orbits
it was initially hypothesised the flux ropes are mainly a result ionopause destruction. Analysis of ionopause
stability in Krymskii (1987), Belova and Zeleny (1990) had revealed the eects of flow geometry and nite
ion gyroradius make the subsolar ionopause stable. The numerical simulations in Thomas and Winske (1991)
had supported this conclusion. </font></p>
<p><font size="4">Besides the flux ropes from the top-side ionosphere if they appear have to be removed
from there due to the magnetic buoyancy and upward flow the ionospheric plasma (Krymskii and Breus,
1988). Thus the flux ropes observed deep inside the Venusian ionosphere at small zenith angles likely appear
in the region where they were observed. Besides the flux ropes observed simultaneously with the large-scale
eld like at orbit N PVO (see panel in centre of Fig.1) must be a consequence of local destruction of that
large-scale eld. </font></p>
<p><font size="4">In this paper we address stability of the large scale eld transported toward the planet
by the plasma flow throughout the photoequlibrium region.</font></p>
<p><font size="4"><u>2.GENERAL ASSUMPTIONS</u></font></p>
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<p><font size="4">The neutral atmosphere at Venus is assumed to be primarily mixture of atomic oxy-
gen and carbon dioxide :<img src="Image91.gif" align="absmiddle" width="31" height="26"> and <img
src="Image92.gif" align="absmiddle" width="43" height="30">are their densities respectively. These gases
are ionised by the UV radiation of the Sun . The ionisation rates are <img src="Image93.gif" align="absmiddle"
width="26" height="26"> and <img src="Image94.gif" align="absmiddle" width="40" height="30">. </font></p>
<p><font size="4">The resulting ionospheric plasma consists of ions O<sup>+</sup> , <img src="Image95.gif"
align="absmiddle" width="30" height="30"> and <img src="Image96.gif" align="absmiddle" width="43"
height="30">. </font></p>
<p><font size="4">Dissociative recombination of molecular ions <img src="Image95.gif" align="absmiddle"
width="30" height="30"> and <img src="Image96.gif" align="absmiddle" width="43" height="30"> tend
to balance the input of photoionisation processes. The main reactions of the dissociative recombination are
</font></p>
<p><font size="4"><img src="Image95.gif" align="absmiddle" width="30" height="30"> + e </font><font
size="4" face="Symbol"></font><font size="4"> O + O </font></p>
<p><font size="4">( the reaction rate is <img src="Image97.gif" align="absmiddle" width="21" height="26">
= 8 </font><font size="4" face="Symbol">*</font><font size="4"> 10 <sup>-8 </sup>( 10<sup>3</sup>/ <img
src="Image98.gif" align="absmiddle" width="21" height="31"> )<sup> -0.63 </sup>cm<sup>-3</sup> s<sup>-
1</sup>, <img src="Image98.gif" align="absmiddle" width="21" height="31"> is the temperature in K )
</font></p>
<p><font size="4">and <img src="Image96.gif" align="absmiddle" width="43" height="30"> + e </font><font
size="4" face="Symbol"></font><font size="4"> CO + O </font></p>
<p><font size="4">(the reaction rate is <img src="Image99.gif" align="absmiddle" width="21" height="26">=
3.8 * 10<sup>-7 </sup>cm <sup>-3</sup> s<sup>-1</sup> ).</font></p>
<p><font size="4">The electron continuity equation which describes local balance of charged particles is
as follows </font></p>
<p><font size="4"><img src="Image100.gif" align="absmiddle" width="113" height="51">= J<img src="Image101.gif
align="absmiddle" width="15" height="26"> N<sub> <img src="Image101.gif" align="absmiddle" width="15"
height="26"></sub>+ J <img src="Image102.gif" align="absmiddle" width="28" height="30">N<img src="Image102.gif"
align="absmiddle" width="28" height="30"> - <img src="Image103.gif" align="absmiddle" width="16"
height="16"><img src="Image104.gif" align="absmiddle" width="56" height="38"> + <img src="Image105.gif"
align="absmiddle" width="15" height="26"><img src="Image106.gif" align="absmiddle" width="66" height="46">,
(1)</font></p>
<p><font size="4"><img src="Image107.gif" align="absmiddle" width="20" height="25">is the mag-
netic eld , <img src="Image108.gif" align="absmiddle" width="21" height="26">is the electron bulk ve-
locity, <img src="Image103.gif" align="absmiddle" width="16" height="16"> is the electron number den-
sity, <img src="Image109.gif" align="absmiddle" width="31" height="33"> and <img src="Image110.gif"
align="absmiddle" width="40" height="33">are the densities of ions <img src="Image95.gif" align="absmiddle"
width="30" height="30"> and <img src="Image96.gif" align="absmiddle" width="43" height="30"> re-
spectively. The electron and ion fluxes obey the relation </font></p>
<p><font size="4"><img src="Image111.gif" align="absmiddle" width="151" height="58"> (2) </font></p>
<p><font size="4"><i>i </i>= <i>O</i><sup><i>+</i></sup>, <img src="Image112.gif" align="absmiddle"
width="30" height="30"> , <img src="Image96.gif" align="absmiddle" width="43" height="30">, n<sub>i
</sub>is the density of ion species, <img src="Image113.gif" align="absmiddle" width="25" height="30">
is the corresponding bulk velocity, <img src="Image114.gif" align="absmiddle" width="105" height="51">
according to Maxwell146;s equation .</font></p>
<p><font size="4">Analysing magnitude of each term in the momentum conservation equation one nds
that the drag force related with ion-neutral atom collisions <sub><img src="Image115.gif" align="absmiddle"
width="23" height="31"></sub> is larger than the corresponding inertial term throughout the photoequlib-
rium region at Venus. Consequently the approximate relation</font></p>
<p><font size="4"><img src="Image116.gif" align="absmiddle" width="40" height="30"> = <img src="Image117.gif"
align="absmiddle" width="25" height="56"></font><font size="4" face="Symbol">[</font><font size="4">
<img src="Image118.gif" align="absmiddle" width="36" height="56"></font><font size="4" face="Symbol"></font><font
size="4"> p<sub>i</sub> - <img src="Image119.gif" align="absmiddle" width="33" height="26"> </font><font
2
size="4" face="Symbol">]</font><font size="4"> - <img src="Image120.gif" align="absmiddle" width="60"
height="56"> + <img src="Image121.gif" align="absmiddle" width="48" height="51">,<img src="Image122.gif"
align="absmiddle" width="48" height="40"> (3)</font></p>
<p><font size="4">is valid there; </font><font size="4" face="Symbol">n</font><font size="4"> <sub>i</sub>
is the collision rate, p<sub>i</sub> is the ion thermal pressure , M<sub>i </sub>is the ion mass, <img src="Image123.gif"
align="absmiddle" width="18" height="26"> is the gravity force acceleration, <img src="Image124.gif"
align="absmiddle" width="320" height="63"></font></p>
<p><font size="4" face="Symbol">s</font><font size="4"> is the plasma conductivity. The electron in-
ertia is ignored . </font></p>
<p><font size="4">The set of equations which describes dynamics of magnetic eld </font></p>
<p><font size="4"><img src="Image125.gif" align="absmiddle" width="248" height="63"> (4)</font></p>
<p><font size="4"><img src="Image126.gif" align="absmiddle" width="70" height="55">= <img src="Image127.gif"
align="absmiddle" width="61" height="56"></font><font size="4" face="Symbol">[</font><font size="4">
<img src="Image118.gif" align="absmiddle" width="36" height="56"></font><font size="4" face="Symbol"></font><font
size="4"> p<sub>i</sub> - <img src="Image119.gif" align="absmiddle" width="33" height="26"> </font><font
size="4" face="Symbol">]</font><font size="4"> - (5)</font></p>
<p><font size="4"><img src="Image128.gif" align="absmiddle" width="36" height="56"> (<img src="Image121.gif"
align="absmiddle" width="48" height="51">,<img src="Image129.gif" align="absmiddle" width="33" height="40"><img
src="Image130.gif" align="absmiddle" width="306" height="58">)</font></p>
<p><font size="4">To derive eq. (4) the equation <img src="Image131.gif" align="middle" width="111"
height="55"> is used.</font></p>
<p><font size="4">The molecular ions </font><font size="4" face="Times New Roman"></font><font
size="4"><sup>+</sup><sub>2</sub> are much more numerous than ions O<sup>+</sup> and CO<sub>2</sub><sup>+</sup>
and eects of minor ion species in (1) , (4), (5) will be ignored and this set of equations can be written as
</font></p>
<p><font size="4"><img src="Image100.gif" align="middle" width="113" height="51">= Q N - <img
src="Image132.gif" align="absmiddle" width="33" height="24"></font></p>
<p><font size="4"><img src="Image133.gif" align="absmiddle" width="249" height="63"></font></p>
<p><font size="4"><img src="Image134.gif" align="absmiddle" width="41" height="35">= <img src="Image135.gif"
align="absmiddle" width="27" height="56"> - <img src="Image136.gif" align="absmiddle" width="43"
height="37"> + <img src="Image137.gif" align="absmiddle" width="36" height="56"> [<img src="Image138.gif"
align="absmiddle" width="210" height="61">] -<img src="Image139.gif" align="absmiddle" width="26"
height="68"></font></p>
<p><font size="4">One ion species </font></p>
<p><font size="4"><img src="Image134.gif" align="absmiddle" width="41" height="35">= <img src="Image135.gif"
align="absmiddle" width="27" height="56"> - <img src="Image136.gif" align="absmiddle" width="43"
height="37"> + <img src="Image137.gif" align="absmiddle" width="36" height="56"> [<img src="Image138.gif"
align="absmiddle" width="210" height="61">] -<img src="Image139.gif" align="absmiddle" width="26"
height="68"></font></p>
<p><font size="4">3. DISPERSION RELATION FOR SMALL AMPLITUDE PERTURBATIONS </font></p>
<p><font size="4">The altitude variations of the steady state magnetic eld , plasma density and bulk
flow velocity are assumed to be described by the relations ( Krymskii, 1992):</font></p>
<p><font size="4"><img src="Image140.gif" align="absmiddle" width="130" height="34">, <img src="Image141.gif"
align="absmiddle" width="115" height="34">, </font></p>
<p><font size="4"><img src="Image142.gif" align="absmiddle" width="252" height="68"> , <img src="Image143.gif"
align="absmiddle" width="102" height="56">= Q N - <img src="Image144.gif" align="absmiddle" width="50"
height="39">,</font></p>
<p><font size="4"><img src="Image145.gif" align="absmiddle" width="57" height="39">+<img src="Image146.gif"
align="absmiddle" width="34" height="68">= <img src="Image135.gif" align="absmiddle" width="27"
height="56"> - <img src="Image147.gif" align="absmiddle" width="43" height="33"> + <img src="Image137.gif"
align="absmiddle" width="36" height="56"> [<img src="Image148.gif" align="absmiddle" width="204"
height="65">] </font></p>
<p><font size="4"><img src="Image149.gif" align="absmiddle" width="164" height="65"></font></p>
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<p><font size="4">z is the altitude, axis X and Y of the coordinate system are along with the large-scale
magnetic eld and electric current respectively.</font></p>
<p><font size="4">Temporal evolution of small amplitude perturbation is described by the set of equa-
tions: </font></p>
<p><font size="4"><img src="Image150.gif" align="absmiddle" width="397" height="87"></font></p>
<p><font size="4"><img src="Image151.gif" align="absmiddle" width="210" height="62">= - 2<img
src="Image152.gif" align="absmiddle" width="53" height="31"></font></p>
<p><font size="4"><img src="Image105.gif" align="absmiddle" width="15" height="26"><img src="Image153.gif"
align="absmiddle" width="57" height="42">+<img src="Image154.gif" align="absmiddle" width="28" height="75">
= <img src="Image135.gif" align="absmiddle" width="27" height="56"> - <img src="Image155.gif" align="absmiddle"
width="43" height="37"> + </font></p>
<p><font size="4"><img src="Image137.gif" align="absmiddle" width="36" height="56"> [<img src="Image156.gif"
align="absmiddle" width="327" height="61">] -<img src="Image157.gif" align="absmiddle" width="52"
height="35"></font></p>
<p><font size="4"><img src="Image158.gif" align="absmiddle" width="130" height="64"></font></p>
<p><font size="4">symbol </font><font size="4" face="Symbol"> </font><font size="4"> denotes pertur-
bation, subscript 0 indicates steady state parameter.</font></p>
<p><font size="4">The neutral atmosphere in the photoequilibrium region is dense so that perturba-
tions of plasma density are very small there: <img src="Image159.gif" align="absmiddle" width="49"
height="21"></font></p>
<p><font size="4">Consequently there is </font></p>
<p><font size="4"><img src="Image105.gif" align="absmiddle" width="15" height="26"><img src="Image153.gif"
align="absmiddle" width="43" height="31">+ <img src="Image154.gif" align="absmiddle" width="23"
height="60"> = <img src="Image135.gif" align="absmiddle" width="27" height="56">(-1) <img src="Image160.gif"
align="absmiddle" width="43" height="56"><img src="Image161.gif" align="absmiddle" width="144" height="44">
(6)</font></p>
<p><font size="4"><img src="Image162.gif" align="absmiddle" width="263" height="73"> (7)</font></p>
<p><font size="4">Assuming that temporal and spatial dependence of perturbation is </font></p>
<p><font size="4"><img src="Image163.gif" align="absmiddle" width="289" height="33"></font></p>
<p><font size="4">after some algebra one derives from eqs. (6) and (7) following dispersion equation
:</font></p>
<p><font size="4"><img src="Image164.gif" align="absmiddle" width="369" height="63">+<img src="Image165.gif"
align="absmiddle" width="173" height="61"></font></p>
<p><font size="4">It is clear from this equation that there is a non-zero imaginary part of </font><font
size="4" face="Symbol">w</font><font size="4"> which is proportional to <img src="Image166.gif" align="absmiddle"
width="54" height="38">. </font></p>
<ol start="4"> <li><font size="4">DISCUSSION AND CONCLUSIONS</font></li> </ol>
<p><font size="4">According to Krymskii (1991) <img src="Image166.gif" align="absmiddle" width="54"
height="38">is positive throughout the magnetic belt region. The perturbations can grow with time there
but the conductivity of plasma </font><font size="4" face="Symbol">s</font><font size="4"> rapidly de-
creases toward the planet surface and stabilises instability within the bottom-side part of the magnetic belt
so that only the top-side edge of the magnetic belt is eroded. These theoretical predictions qualitatively
agree with the observations. In particular the flux ropes were observed to be most numerous near top-side
boundary of the magnetic belt at orbit N 177 while the magnetic eld is quite regular in other parts of
ionosphere ( central panel in Fig.1). Several flux ropes which were observed above the predicted instability
region were likely moving upward because of the magnetic buoyancy (Krymskii and Breus, 1988).</font></p>
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